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[Document Title] SPECIFICATION 
[Title of the Invention] 

PROJECTION OPTICAL APPARATUS 

[Claims] 



rClaim 1] A projection optical apparatus which is characterized by the fact that in a 
projection op^i i apparatus [a] which has [i] a pulsed light source which eniits exposmg hght as 

S Lht m an ilLmination optical system which illuminates a mask on which a transfer 
S^^^ -P°-S I'ght at a uniform illuminance [iii] a visual 

M Zl^a^m w^^^ sets the illumination area illuminated by the above-mentoned exposing 

^^^^^ 

t^]!^mo'l^^^^'on^ - °» *^ above-mentioned photosensmve 

substrate, . i • u 

[n'atiraSr^ilg — £fh r,ses *e above-mentioned photosensitive substrate 
to unde i rStive — nt in a second direction that is perpendicular to tlte above-mentton^ 
sZm toSta, of the illumination area illuminated by the above-menuoned exposmg l«ht, mi 
specmed direction ^^^^ the illuminance distnbution m 

the abo«— r^ldrection of th? illumination area iUuminated by the above-mentioned 

''''-'^^tT:::::^'^^'^^ substrate is re,ative^y s^ed a plurali^ of times 
in the aboil-m^ioned specified direction of the illumination area dluminated by the above- 
Indoned expolg light while the above-mentioned photosensitive substrate is stafted in the 
rv °menS second direaion of the illumination area illuminated by the Jove-menuon^ 
expIsiSt so that an image of the transfer pattern of the above-mentioned mask or of a mask 
"bSed for Z above-mentioned mask is exposed on the above-menuoned photosensitive 
substrate. 

[Claim 2] The projection optical apparatus claimed in Claim 1 which is characterized by 
the fact tha^he apparatus is [also] equipped with a memory means which stores the error in the 
re a^ potiSThraLve-me;^^^^^^^^^ and the above-mentioned photosensitive substrate 
wtS™^^^ mask and the above-mentioned photosensitive substrate are re atively 
Tca^S in s^chronization in the above-mentioned specified direction of the illumination area 
illuminated by the above-mentioned exposmg light. 

[Claim 3] The projection optical apparatus claimed in Claim 1 or Claim 2, which is 



characterized by the fact that the width LT of the transfer pattern formed on the above-mentioned 
mask is determined so that the equation 

LT = n»L + (n-l)»M 

is satisfied using an integer n of 1 or greater, where L is the length of the area where the 
i lu^'an^^^^^^^^ constant in the above-mentioned second direction of the muminat.on 

i^^nSh a trapezoidal illuminance distribution illuminated by the above-mentioned exposing light 
on thl^urface of the above-mentioned mask, M indicates the lengths of the areas where the 
m^n^^L^ily decreases on both sides of the above-mentioned area with a trapezoidal 
ZZ^?e distribution, and LT is the width of the transfer pattern formed on the above- 
"ed mt l^^^^^^ ;bove-mentioned second direction of the illumination area illuminated by 
the above-mentioned exposing light. 

[Claim 41 The projection optical apparatus claimed in Claim 1, 2 or 3, which is 
characteriSd by the fact that the apparatus is equipped with a mask moving means that causes 
X^^ZiZnt of the above-mentioned mask in the above-mentioned second direction of the 
illumination area illuminated by the above-mentioned exposing light. 

rClaim 5] A projection optical apparatus which is characterized by the fact that in a 
projection ^ici appar tus [a] which has [i] a pulsed light source which emits exposing light as 
SSuiil an ilLmination optical system which illuminates a mask on which a transfer 
na em i?^^^^^^ the above-mentioned exposing light at a unifomi illuminance [in] a visual 
Sd ZlST^ sets the illumination area illuminated by the above-mentioned exposing 
m on"ve-mentioned mask, [iv] a projection optical system which Projects an im^^^^^ of 
he transfer pattern on the above-mentioned mask onto a photosensitive substrate, and [v] a 
efa vTsc^^^^^ which causes synchronized relative scamiing of the above-men loned 
maTrnd tT^bov^^^^^ photosensitive substrate in a specified direction of the illumination 
Tef il'^nlX thTabove-mentioned exposing light, and [b] in which a transfer pattern image 
Xch^ a broader area than that of the illumination area illuminated by the above-mentioned 
r>SosiSh^^^^^^^^^ above-mentioned mask is exposed on the above-mentioned photosensitive 



substrate, 



ril [the apparatiis is also] equipped with: . ^ . . -^^ ^ .Kcw^ 

il a substrate moving means which causes the above-mentioned photosensitive substrate 
to unde go rdSve ~ in a second direction that is perpendicular to the above-mentioned 
snedfied direction of the illumination area Uluminated by the above-mentioned exposing hgU 
specified directo ^^^^^ ^^^^ ^^^^ ^^^^^^ and stores the Position of the 

above-mentioned photosensitive substrate in a direction conjugate with the above-mentioned 
IdfieTdSon when pulsed light is emitted by the above-mentioned pulsed light source, and 
specifaed_ai e^_^^^ ^^^^^^^ ^^^^ ^^^^^^^^ ^^^^ of imtiation of pulsed light 

emission bv the above-mentioned pulsed light source, and 

emission by t ^^^^ ^^^^ above-mentioned mask or a mask substituted 

for the ibovZmentlned mask and the above-mentioned photosensitive substrate are relatively 
ca^^d a p^^^^^^^^ in the above-mentioned specified direction of the illumination area 



illuminated by the above-mentioned exposing light while the above-mentioned photosensitive 
"e is sMfted in the above-mentioned second direction of the illumination area lUummated by 
he above-mentioned exposing light, so that an image of the ^jansfer pattern of the ^^^^^^^^ 
mentioned mask or mask substituted for the above-mentioned mask is exposed on the above- 
me^ oned photosensitive substrate, the position of the above-mentioned photosensitive substrate 
h trdirection conjugate with the above-mentioned specified direction when pulsed light is 
enSltefbyTaboi^^^^^^ pulsed light source in each of the above-mentioned relative scans 
is the same. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] 

The present invention concerns a projection optical apparatus which is used to 
manufacture ffor lmple) semiconductor integrated circuits or liquid crystal display elements, 
Z^^^ lmo^P^o process. More specifically, the present invention concerns a projection 
t^oIZ^Zl^^^ is suitable for use as a projection exposure apparatus m which exposu^^^^^ 
perfolTd by means of a so-called stitching and slit scanning exposure system using a light source 
that emits pulsed light. 

[0002] 

[Prior Art] 

When semiconductor elements or liquid crystal display elements, etc., are manufactured by 
a lithog^pMc process, a projection exposure apparatus is employed which prcyects^^^^^^^^ 
fmage of a photo-mask or reticle (hereafter referred to collectively as a reticle ) onto a 
nZtosensitive substrate via a projection optical system by means of exposing light. Such 
^^raXs d^^^^^^^^ Exposure apparatus using a stitcWng and ^Ut -nmng -pos^^^ 

Zltem as disclosed (for example) in Japanese Patent Application Kokoku No^SHO 46-34057. In 

S cL of su^^^^^^^^^ and sUt sca^ng exposure system, the exposure of a first linear area 
on tS Photos^^^^^^^ subftrate is accompUshed by causing the relative synchromzed scamnng of 
"e ISil a^d^osensiti^^ substrate in a specified first direction with respect to an illumination 

area having a specified shape on the reticle. 

[0003] 

Afterward, the reticle is replaced, or else the reticle is moved by a specified amount in a 
second direction perpendicular to the first direction of the illumination area, so that the 
rtotn^e subs:?ate is laterally shifted (stitched) in a direction ^S^^-'*^^^^ 
direction of the illumination area. Then, the exposure of a second linear area on the 
phottsen^^^^^^^^^^ is accomplished by again causing the relative synchromzed scamiing of 



the reticle and photosensitive substrate in the [above-mentioned] first direction with respect to the 
ll^nSor^^^^ having a specified shape on the reticle. In this way, the pattern of the reticle can 
be^po™ area on the photosensitive substrate that is broader than the exposure field of the 
projection optical system. 

[0004] 

Figure 10 (a) shows the illumination area on the reticle in a conventional projection 
exposure apparatus using a stitching and slit scamiing exposure system. In this Figure 10 (a) a 
Sonal illumination area 1 centered on position A is iUuminated with exposing light 
fromThe Snation optical system. Furthermore, the reticle is scanned at a constant speed V m 
fhe X dirS with respect to the illumination area 1 of the position A, so that the lUununa ion 
area V moves in relative terms along the trace 2A over the reticle, and reaches a position B. In 
tWs staS Ih reticle is moved in the Y direction, so that the illumination area 1 moves in relative 
er^sToi trace 2B over the reticle, and reaches a position C. Afterward the reticle is 
scXed7a constant speed V in the X direction, so that the illumination area 1 moves m relative 
terms along the trace 2C over the reticle. 

[0005] 

Figure 10 (b) shows the area that is to be exposed on a wafer (used as a photosensitive 
substrate) in a conventional projection exposure apparatus using a stitching and slit scamung 
e^osure system In this Figure 10 (b), a regular hexagonal exposure area 3 centered on a 
r S an area that if conjugate with the illumination area 1 ^m^nA^^ 
reticle Two sides of the regular hexagonal exposure area 3 are pardlel to the Y direction, and W 
= 3i'2R/2 where R is the distance between two opposite vertices of the regular hexagonal 
exposure area 3 and W is the distance between two opposite sides of this area. Furthermore, as a 
S of th^wafer being scanned in the X direction with respect to the exposure area 3 of the 
poTi on AP at a constat speed of P • V (where P is the projection magmfication of the projection 
oS system from the reticle to the wafer), the exposure area 3 moves m relative terms along 
Sie trace 2AP over the wafer, and reaches a position BP. In this state, the wafer moves by a 
dtlnce ofTJZ n the -Y direction, so that the exposure area 3 moves in relative tenns along the 
Jace 2BP over the wafer, and reaches a position CP. This operation is stitching. Afterward, as a 
resSt of «^ being ;canned at a constant speed of P • V in the -X direction, the exposure 
area 3 moves in relative terms along the trace 2CP over the wafer. 

[0006] 

Furthermore, the exposure area 3 moving in relative terms along the trace 2AP and the 
exnosure^ea 3 moving in relative terms along the trace 2CP are scamied so that respective areas 
"qua sides andLee angles with a width of R/4 in the Y direction are caused to overkp m 
tcomJmg area 4. Accordingly, exposure is performed twice in this comiecting area 4. This 
coLcting La 4 is provided in order to insure that no positional deviation occurs between the 
paZ exposed by L exposure area 3 that moves in relative terms along the trace 2AP and the 



pattern exposed by the exposure area 3 that moves in relative terms along the trace 2CP. 
Furthermore, as will be shown next, the illuminance distribution on the wafer is made umform by 
arranging the system so that the [above-mentioned] areas with two equal sides and three angles 
[forming parts] of the regular hexagonal exposure area 3 overlap. 

[0007] 

Conventionally, a light source with continuous emission such as a mercury lamp has 
generally been used as a source of exposing light. Accordingly, the exposure point PI in the 
connecting area 4 on the wafer is continuously exposed by the area 5A of the exposure area 3 that 
moves relatively along the trace 2AP, and is continuously exposed by the area 6 A of the exposure 
area 3 that moves relatively along the trace 2CP. The total of the lengths of the area 5 A and area 
6A in the X direction is equal to the width W of the exposure area 3 . Furthermore, a different 
exposure point P2 in the connecting area 4 on the wafer is continuously exposed by the area 5B of 
the exposure area 3 that moves relatively along the trace 2AP, and is continuously exposed by the 
area 6B of the exposure area 3 that moves relatively along the trace 2CP. The total of the lengths 
of the area 5B and area 6B in the X direction is equal to W. Furthermore, the exposure pomt PO 
in the non-connecting area that is exposed only by the exposure area 3 that moves relatively along 
the trace 2AP is continuously exposed by an area with a width of W in the X direction. 
Accordingly, in cases where a continuous emission type light source is used, all of the exposure 
points PO, p'l and P2 on the wafer are illuminated by the same amount of exposing light, so that 
the illuminance distribution is uniform. 

[0008] 

[Problems to Be Solved by the Invention] 

Recently, there has been a demand for shortened wavelengths of exposing light in order to 
achieve a further increase in resolution. Light sources with relatively short wavelengths among 
those light sources currently at the level of practical use include metal vapor lasers and excimer 
lasers such as ArF excimer lasers (wavelength: 193 nm) and KrF excimer lasers (wavelength: 
248 nm) etc However, excimer laser light sources and metal vapor laser light sources are pulsed 
emission (pulse oscillation) type light sources; accordingly, the use of such light sources involves 
considerations that differ from those involved in continuous emission hght sources such as 
mercury lamps. 

[0009] 

Figure 1 1 (a) illustrates a case in which a regular hexagonal exposure area 3 is illuminated 
by pulsed laser light from a pulsed laser light source. In this Figure 1 1 (a), the exposure area 3 is 
an area that is in inside contact with the outline of the circular exposure area 7 of the projection 
optical system on the wafer. Furthermore, two opposite sides of the exposure area 3 with a 
spacing of W are parallel to the Y direction, and the wafer is relatively scanned m the X direction 
and -X direction with respect to the exposure area 3. In this case, it is necessary that each 
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exposure point on the wafer be exposed by a plurality of pulses of the pulsed laser light in order to 
lessen the effects of the spectrum and variation in the energy per pulse, etc of the pulsed laser 
light Accordingly, the exposure point PO which is exposed by an area with a width of W in the X 
direction of the exposure area 3 is exposed m times (m is an integer greater than 1) by the pulsed 
laser light Here it is sufficient if the following relationship holds true where AL is the distance 
that the wafer is scamied in the X direction or -X direction during one period T of the pulsed hght 
emission, and p • V is the scanning speed of the wafer. 

[Numerical Expression 1] 

W = m«AL-m»T-p-V 



[0010] 

Figure 1 1 (a) shows a case where m = 8. Assuming that the exposure point PO is at the 
edge of the exposure area 3 at the point in time where pulsed light emission occurs, this exposure 
point PO will be exposed seven times by the pulsed laser light in the interior portion of the 
exposure area 3, and will be exposed twice by the pulsed laser light in the edge areas. In this 
case, since the energy of exposure in the edge areas is 1/2 the energy of exposure m the interior 
portion [of the exposure area 3], the exposure point PO is illuminated by a total ener^ equal to 8 
pulses Furthermore, the exposure point PO is illuminated by a total enerp equal to 8 pulses 
regardless of the position of the exposure point PO in the X direction at the time of pulsed light 
eiSssion. Moreover, among the exposure points through which the area 3a with two equal sides 
and three angles located on the right side of the exposure area 3 passes, the distances for which 
the exposure points PI through P8 shown in Figure 1 1 (a) pass through this area 3a with two 
equal sides and three angles are 8 • AL to 1 • AL, respectively. Accordingly, these exposure 
points PI through P8 are illuminated by respective amounts of energy ranging from 8 pulses to 1 
pulse when the exposure points pass through the area 3a in the X direction. 

[0011] 

Next when the wafer is scanned in the -X direction with respect to the exposure area 3 
after stitching of the wafer has been performed, the exposure points PI through P8 are 
respectively exposed by an energy ranging firom more or less 0 pulses to 7 pulses. Accordingly, 
as a result of slit scanning exposure being performed twice by means of stitching, al of the 
exposure points PI through P8 are respectively exposed by an energy equal to 8 pulses, m the 
same manner as the exposure point PO. 

However, if an exposure point that is intermediate between the exposure point P4 and the 
exposure point P5 in Figure 1 1 (a) is designated as exposure point P9 in Figures 1 1 (b) and 1 1 
(c) the following inconvenience is encountered in the case of this exposure point P9 . namely the 
illu'mination energy varies even if slit scanning exposure is performed twice. Specifically, m the 
case illustrated in Figure 1 1 (b), when the wafer is scamied in the X direction within the area 3a 
having two equal sides and three angles on the right side of the exposure area 3, pulsed hght 



# # 

emission is performed when the exposure point P9 is at a position 8; then, when the wafer is 
scanned in the X direction within the area 3b having two equal sides and three angles on the left 
side of the exposure area 3 following stitching, pulsed light emission is performed when the 
exposure point P9 is at apposition 9. Accordingly, the exposure point P9 is illuminated by energy 
equal to nine pulses. 

[0012] 

Meanwhile, in the case illustrated in Figure 1 1 (c), when the wafer is scanned in the X 
direction within the area 3a having two equal sides and three angles on the right side of the 
exposure area 3, pulsed light emission is performed when the exposure point P9 is at a position 
10, and when the wafer is scanned in the X direction within the area 3b having two equal sides 
and three angles on the left side of the exposure area 3 following stitching, pulsed light emission is 
performed when the exposure point P9 is at a position 11. Accordingly, the exposure point P9 is 
illuminated by energy equal to seven pulses. Thus, depending on the timing of the pulsed light 
emission, the exposure point P9 is illuminated by energy equal to seven to nine pulses. 
Accordiiigly, the problem of irregular illumination energy generated by the pulsed laser light, i. e., 
irregular illuminance, arises in the connecting area 4 on the wafer. 

[0013] 

In light of such points, the object of the present invention is to reduce illuminance 
irregularity in the connecting area exposed by being scanned twice by stitching on the 
photosensitive substrate in cases where the light source is a pulsed emission type light source in a 
projection optical apparatus in which exposure is performed using a stitching and slit scanning 
exposure system. 

[0014] 

[Means Used to Solve the Problems] 

The first projection optical apparatus of the present invention presupposes a projection 
optical apparatus [a] which has [i] a pulsed light source (34) which emits exposing light as pulsed 
light, [ii] an illumination optical system (13, 16, 18) which illuminates a mask (19) on which a 
transfer pattern is formed with the above-mentioned exposing light at a uniform illuminance, [iii] a 
visual field diaphragm (15) which sets the illumination area (20) illuminated by the above- 
mentioned exposing light on the mask (19), [iv] a projection optical system (27) which projects an 
image of the transfer pattern on the mask (19) onto a photosensitive substrate (28), and [v] a 
relative scanning means (25, 26, 33) which causes synchronized relative scanning of the mask (19) 
and the photosensitive substrate (28) in a specified direction of the illumination area (20) 
illuminated by the above-mentioned exposing light, and [b] in which a transfer pattern image 
which has a broader area than that of the illumination area (20) illuminated by the above- 
mentioned exposing light on the mask (19) is exposed on the photosensitive substrate (28), as is 
shown for example in Figures 1 and 2. 
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[0015] 

Furthermore, in the present invention, [1] [the apparatus is also] equipped with [i] a 
substrate moving means (30, 33) which causes the photosensitive substrate (28) to undergo 
relative movement in a second direction (Y direction) that is perpendicular to the above- 
mentioned specified direction (X direction) of the illumination area (20) illuminated by the above- 
mentioned exposing light, and [ii] an illuminance distribution setting means (13, 15) which causes 
the illuminance distribution in the above-mentioned second direction of the illumination area (20) 
illuminated by the above-mentioned exposing light to have a trapezoidal shape (for example, as 
shown in Figure 2 (b)), and [2] the photosensitive substrate (28) is relatively scanned a plurality of 
times in the above-mentioned specified direction of the illumination area (20) illuminated by the 
above-mentioned exposing light while the photosensitive substrate (28) is shifted in the above- 
mentioned second direction of the illumination area (20) illuminated by the above-mentioned 
exposing light, so that an image of the transfer pattern of the mask (19) or of a mask substituted 
for the above-mentioned mask is exposed on the photosensitive substrate (28). 

[0016] 

In this case, it is desirable that [the apparatus be] equipped with a memory means (25a) 
which stores the error in the relative positions of the mask (19) and the photosensitive substrate 
(28) when the mask (19) and the photosensitive substrate (28) are relatively scanned in 
synchronization in the above-mentioned specified direction of the illumination area (20) 
illuminated by the above-mentioned exposing light. 

Furthermore, it is desirable that the width LT [of the transfer pattern formed on the mask 
(19)] be determined so that the following equation is satisfied using an integer n of 1 or greater, 
where L is the length of the area where the illuminance distribution is constant in the above- 
mentioned second direction of the illumination area (20) with a trapezoidal illuminance 
distribution illuminated by the above-mentioned exposing light on the surface of the mask (19), M 
indicates the lengths of the areas where the illuminance gradually decreases on both sides of the 
above-mentioned area with a trapezoidal illuminance distribution, and LT is the width of the 
transfer pattern formed on the mask (19) in the above-mentioned second direction of the 
illumination area (20) illuminated by the above-mentioned exposing light. 

[Numerical Expression 2] 

LT = n • L + (n - 1) • M 

[0017] 

Furthermore, it is desirable that [the apparatus be] equipped with a mask moving means 
(21, 26) that causes relative movement of the mask (19) in the above-mentioned second direction 
of the illumination area (20) illuminated by the above-mentioned exposing light. 
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Next, the second projection optical apparatus of the present invention presupposes a 
projection optical apparatus [a] which has [i] a pulsed light source (12) which emits exposing Ught 
as pulsed light, [ii] an illumination optical system (13, 16, 18) which illuminates a mask (19) on 
which a transfer pattern is formed with the above-mentioned exposing light at a uniform 
iUuminance, [iii] a visual field diaphragm (15) which sets the illumination area (20) illuminated by 
the above-mentioned exposing light on the mask (19), [iv] a projection optical system (27) which 
projects an image of the transfer pattern on the mask (19) onto a photosensitive substrate (28), 
and [v] a relative scanning means (25, 26, 33) which causes synchronized relative scanning of the 
mask (19) and the photosensitive substrate (28) in a specified direction of the illumination area 
(20) iUuminated by the above-mentioned exposing light, and [b] in which a transfer pattern image 
which has a broader area than that of the Ulumination area (20) illuminated by the above- 
mentioned exposing light on the mask (19) is exposed on the photosensitive substrate (28), as is 
shown for example in Figure 1 . 

[0018] 

Furthermore, in the present invention, [1] [the apparatus is also] equipped with [i] a 
substrate moving means (30, 33) which causes the photosensitive substrate (28) to undergo 
relative movement in a second direction (Y direction) that is perpendicular to the above- 
mentioned specified direction (X direction) of the illumination area (20) illuminated by the above- 
mentioned exposing light, [ii] a light emission position memory means (25, 25a) which detects and 
stores the position of the photosensitive substrate (28) in a direction conjugate with the above- 
mentioned specified direction when pulsed light is emitted by the pulsed light source (12), and [iu] 
a light emission control means (34) which controls the time of initiation of pulsed light emission 
by the pulsed light source (12), and [2] the system is arranged so that when the mask (19) or a 
mask substituted for the above-mentioned mask and the photosensitive substrate (28) are 
relatively scanned a plurality of times in the above-mentioned specified direction of the 
illumination area (20) iUuminated by the above-mentioned exposing light while the photosensitive 
substrate (28) is shifted in the above-mentioned second direction of the illumination area (20) 
illuminated by the above-mentioned exposing light, so that an image of the transfer pattern of the 
mask (19) or mask substituted for the above-mentioned mask is exposed on the photosensitive 
substrate (28), the position of the photosensitive substrate (28) in the direction conjugate with the 
above-mentioned specified direction (X direction) when pulsed light is emitted by the pulsed hght 
source (12) in each of the above-mentioned relative scans is the same, as shown for example in 
Figure 9. 

[0019] 

[Operation] 

In the first projection optical apparatus of the present invention, the illuminance 
distribution of the illumination area (20) illuminated by the above-mentioned exposing light on the 
mask (19) in the above-mentioned second direction perpendicular to the above-mentioned 
specified direction of the illumination area (20), i. e., in the direction perpendicular to the 
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direction of relative scanning, has a trapezoidal shape. As a result, the illuminance distnbution of 
the exposure area (20P) conjugate with the illumination area (20) on the surface of the 
photosensitive substrate (28) in the above-mentioned second direction (Y direction) also has a 
trapezoidal shape, as shown in Figure 5. In this case, if the width of the exposure area (20P) in 
the direction of relative scanning is constant, then the respective exposure points lined up m the 
second direction on the photosensitive substrate (28) that is relatively scanned by the exposure 
area (20P) will each be illuminated by the same number of pulses of exposing light. 

[0020] 

Furthermore the system is arranged so that when the exposure area (20P) is laterally 
shifted on the photosensitive substrate (28) by stitching, the areas (20aP ^d 20bP) m which the 
illuminance distribution [sic] gradually drops overlap as shown in Figure 5. As a result, in the 
case of the exposure point Q3 located in the connecting area (40c) that is scanned tw^^ ^^^^^^^^^ 
of stitching, the sum of the illuminance SA during the first scan and the illuminance SB dunng the 
second scan is equal to the illuminance SC in the area where the illuminance distnbution [sic] is 
constant in the trapezoidal illuminance distribution. Accordingly, the illuminance at an arbitrary 
exposure point in the comiecting area (40c) on the photosensitive substrate (28) is more or less 
equal to the illuminance at exposure points in the non-comiecting areas, so that irregularity m the 
illuminance is reduced. In the connecting area (40c), furthermore, since the number of illuminating 
pulses of the pulsed exposing light is twice the number of pulses in the non-comiecting areas the 
effects of the spectrum and irregularity in the illuminance caused by vanation between individual 
pulses are especially reduced. 

[0021] 

Next in cases where a memory means (25a) is provided which stores the error in the 
relative positions of the mask (19) and photosensitive substrate (28) when the mask (19) and 
photosensitive substrate (28) are relatively scamied in synchronization m the above-mentioned 
specified direction of the illumination area (20) illuminated by the exposing light, the amounts of 
relative positional deviation of the mask (19) and photosensitive substrate (28) m the first slit 
scanning exposure (for example) are stored. Then, the amounts of positional deviation of the 
mask (19) and photosensitive substrate (28) at the time of the second slit scanmng exposure 
following stitching can be combined with the stored amounts of positional deviation, so that the 
precision of overlapping in the connecting area can be improved. 

[0022] 

Furthermore, as shown for example in Figure 3, the length of the area in which the 
illuminance distribution is constant in the second direction of the illumination area (20) with a 
trapezoidal illuminance distribution caused by the exposing light on the mask (19) is designated as 
L the lengths of the areas in which the illuminance gradually decreases on both sides of the area 
with a trapezoidal illuminance distribution are respectively designated as M, and the width of the 
transfer pattern (35) formed on the mask (19) in the above-mentioned second direction of the 
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illumination area (20) illuminated by the exposing light is designated as LT. In this case, assummg 
that the illumination area (20) is scanned n times on the mask (19) by stitching, so that the pattern 
(35) on the mask (19) is exposed on the photosensitive substrate (28), it is then necessary that the 
areas with a length of M in which the illuminance distribution gradually decreases overlap m the 
connecting area (35c) of the illumination area (20). However, in order to maintain the illuminance 
distribution in both end portions of the pattern (35) at the same level as the distribution in the 
central portion, it is desirable that the light in the areas with a length of M in which the 
iUuminance distribution decreases be blocked in both end portions of the pattern (35). 
Accordingly, the width LT of the pattern (35) in the above-mentioned second direction is as 
shown in (Numerical Expression 2). 

[0023] 

Furthermore, in cases where a mask moving means (21, 26) is provided which causes the 
mask (19) to move in relative terms in the second direction of the illumination area (20) 
illuminated by the exposing light, stitching can also be performed with respect to the mask (19). 

Next in the second projection optical apparatus of the present invention, even in cases 
where (for eiample) the photosensitive substrate (28) is scamied by a regular hexagonal exposure 
area (3) as shown in Figure 9 (a), the position (8) of the pulsed emission of the exposing hght 
during the first scan and the position (42) of the pulsed emission of the exposing hght during the 
second scan with respect to an arbitrary exposure point P9 in the comiecting area (4) are equal. 
In the case illustrated in Figure 9 (a), the exposure point P9 is illuminated by an amount of energy 
equal to eight pulses. Furthermore, in the case illustrated in Figure 9 (b), although the timing of 
the pulsed light emission is shifted fi-om that in Figure 9 (a), the position (10) of the pulsed 
emission of the exposing light during the first scan and the position (43) of the pulsed emission of 
the exposing light during the second scan with respect to the exposure point P9 are equal. 
Furthermore, in the case of Figure 9 (b) as well, the exposure point P9 is illuminated by an 
amount of energy equal to eight pulses. In other words, in the comiecting area (4) that is scanned 
twice as a resuh of stitching, the area is always illuminated by a constant energy as a result of the 
positions of pulsed light emission during the two scans being set so that the positions are the 
same; consequently, the irregularity in illuminance is decreased. 

[0024] 

[Working Examples] 

Below one working example of the projection optical apparatus of the present invention 
will be described with reference to Figures 1 through 7. In the present working example, the 
present invention is applied to a projection exposure apparatus using a stitching and slit scanmng 
exposure system, which is equipped with a pulsed emission type laser light source. 

Figure 1 shows the overall construction of the projection exposure apparatus of the 
present working example. In Figure 1, a laser beam LB emitted fi-om a pulsed laser light source 
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12 such as an excimer laser light source, etc., enters an illumination-optimizing optical system 13 
consisting of a beam expander, an optical integrator, an aperture diaphragm and a relay lens, etc. 
The pulsed laser light IL emitted from the illumination-optimizing optical system 13 as exposing 
light is reflected by a deflecting mirror 14, and enters a visual field diaphragm 15. The pulsed 
laser light IL passing through the aperture of the visual field diaphragm 15 passes through a relay 
lens 16, deflecting mirror 17 and condenser lens 18, and illuminates a reticle 19 with a uniform 
luminance. The plane in which the visual field diaphragm 15 is installed is conjugate with the 
pattern formation surface of the reticle 19, so that the shape of the slit-form illumination area 20 
on the pattern formation surface of the reticle 19 is set by the aperture of the visual field 
diaphragm 15. 

[0025] 

The reticle 19 is held on a reticle stage 21, and a moving mirror 22 is attached [which 
moves] in the X direction (the lefl:-right direction within the plane of the page in Figure 1) and the 
Y direction (the direction perpendicular to the plane of the page in Figure 1) of the reticle stage 
21 . The reticle stage 21 and moving mirror 22 are supported so that they can move in the XY 
plane along a guide 23, and so that they can move at a uniform speed [?] [unclear wording — 
Translator] in the X direction. A driving device 26 which is used to perform micro-rotational 
movements, etc., for the purpose of correcting yawing and movements in the X and Y directions 
is connected to the reticle stage 21 . Furthermore, the laser beam from a laser interferometer 24 
fastened to the guide 23 is reflected by the moving mirror 22, so that the position of the reticle 19 
in the X and Y directions and the amount of yawing of the reticle 19 are constantly measured by 
the laser interferometer 24, These measurement data are sent to a main control system 25. The 
main control system 25 controls the operation of the reticle 19 via the driving device 26, and 
controls the light emission operation of the pulsed laser light source 12 via a laser light source 
control device 34. 

[0026] 

The pulsed laser light IL passing through the pattern of the reticle 19 is conducted onto a 
wafer 28 via a projection optical system 27, and an image of the pattern on the reticle 19 within 
the illumination area 20 is reduced by a specified projection magnification p and focused on an 
exposure area 20P on the wafer 28 that is conjugate with the illumination area 20. The wafer 28 
is held on a wafer holder 29 that is free to perform micro-rotational movements, and this wafer 
holder 29 is fastened to a wafer stage 30, The wafer stage 30 is constructed from an XY stage 
that positions the wafer 28 on a two-dimensional plane consisting of the X direction and Y 
direction, and a Z stage that positions the wafer 28 in the Z direction parallel to the optical axis of 
the projection optical system 27, etc. A moving mirror 3 1 which is used to reflect a laser beam 
from a laser interferometer 32 is fastened to the wafer stage 30, and this laser interferometer 32 
constantly measures the position of the wafer 28 on the XY plane, and the amount of yawing of 
the wafer 28, These measurement data are sent to the main control system 25. The main control 
system 25 controls the operation of the wafer stage 30 via a driving device 33. Furthermore, a 
memory device 25a is connected to the main control system 25. 
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[0027] 

Figure 2 (a) shows the rectangular slit-form illumination area 20 on the reticle 19; this 
illumination area 20 contacts the inside of the perimeter of a circular area that is conjugate with 
the maximum exposure field of the projection optical system 27. The length of this area m the Y 
direction which is the direction of length of the area, is (L + 2M), and the width of this area m the 
X direction which is the direction of the narrower width of the area, is D. As a result of the 
reticle 19 being scamied in the X direction of this width D, the pulsed laser light within the 
illumination area 20 successively illuminates a broader pattern area on the reticle 19. 
Furthermore, as is shown in Figure 2 (b), the illuminance distribution S in the Y direction withm 
the illumination area 20 is constant in an area of length L in the center, and drops more or less 
linearly to 0 in respective areas 20a and 20b of length M on both sides. In other words, the 
illuminance distribution S in the Y direction perpendicular to the direction of relative scanning 
within the illumination area 20 has a trapezoidal shape. An illuminance distribution with such a 
trapezoidal shape can be obtained by placing the direction of length in a defocused state m the 
aperture of the visual field diaphragm 15 in Figure 1. Alternatively, a trapezoidal illuminance 
distribution can also be obtained by installing an ND filter with a linearly varying transmissivity 
distribution in the visual field diaphragm 15 or illumination-optimizing optical system 13. 

[0028] 

Figure 3 shows the reticle 19 in Figure 1 . In this Figure 3, a pattern area 35 with a width 
of LT in the Y direction is formed on the pattern formation surface of the reticle 19, and a circuit 
pattern that is to be transferred to the wafer is formed in this pattern area 35. Furthermore, a 
prohibited zone 36 consisting of [an area with] a width of M or greater in which light is blocked is 
formed to the outside of the pattern area 35 in the Y direction. In the present example, the 
pattern in the pattern area 35 is transferred onto the wafer by scanning the pattern area 35 twice m 
the X direction with a slit-form illumination area 20. Furthermore, the pattern of more or less the 
right-half area 35a is transferred onto the wafer by the first scan, and the pattern of more or less 
the left-half area 35b is transferred onto the wafer by the second scan. 

[0029] 

In this case the system is arranged so that the left end portion of the area 35a and the 
right end portion of the area 35b overlap in the Y direction in a connecting area 35c with a width 
of M and so that this connecting area 35c is scanned by the area 20a or 20b in which the 
illuminance of the illumination area 20 gradually drops. As a result, the illuminance distnbution m 
the connecting area 35c is uniform, and positional deviation of the transferred pattern is 
prevented Furthermore, in order to insure a constant illuminance within the pattern area 35, the 
system is arranged so that areas that are scanned by the areas 20a and 20b in which the 
illuminance of the illumination area 20 gradually drops are not generated m the end portions of the 
pattern area 35 with respect to the Y direction. Since the width in the Y direction of the area m 
which the illuminance is constant within the illumination area 20 is L, and the respective widths m 
the Y direction of the areas 20a and 20b in which the illuminance gradually drops to zero are M, 
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the width LT of the pattern area 20 [sic; error for "35"? - Translator] in the Y direction is as 
follows: 



[Numerical Expression 3] 
LT = 2 • L + M 



[0030] 

Generally, in a case where the pattern of the pattern area 35 is transferred onto the wafer 
by scanning the pattern area 35 n times in the X direction with the illumination area 20, the 
generation of areas illuminated only by the area 20a or 20b in which the illuminance gradually 
drops can be prevented by determining the width LT of the pattern area 35 in the Y direction as 
follows: 

[Numerical Expression 4] 

LT = n • T + (n - 1) • M [?] [poor legibility in original — Translator] 



[0031] 

Figure 4 (a) shows the rectangular slit-form exposure area 20P on the surface of the wafer 
28 in Figure 1. This exposure area 20P is conjugate with the illumination area 20 on the reticle 19 
in Figure 2 (a). In this case, since the projection magnification of the projection optical system 27 
is p, the width of the exposure area 20P in the X direction is P • D, and the width of the exposure 
area 20P in the Y direction is p • (L + 2M). Furthermore, as is shown in Figure 4 (b), the 
illuminance S drops more or less linearly to zero in areas 20aP and 20bP with respective widths of 
P • M in the Y direction located within the exposure area 20P on both sides. Moreover, since the 
wafer 28 is scanned in the X direction with respect to the exposure area 20P when slit scanning 
exposure is performed, the Uluminance distribution of the exposure area 20P in the Y direction 
perpendicular to the direction of relative scanning also has a trapezoidal shape. 



[0032] 

Next, the conditions for the width p • D of the exposure area 20P in the X direction, 
which is the direction of relative scanning, will be described. In this case, where T is the period 
(i e the reciprocal of the light emission frequency f) of the pulsed light emission of the pulsed 
laser light source 12 in Figure 1, and AL is the distance for which the wafer 28 is scanned m the > 
direction during one period T when slit scanning exposure is performed, the width p • D of the 
exposure area 20P in the X direction is set at an integral multiple of the distance AL. 
Furthermore, assuming that the scanning speed of the wafer 28 in the X direction is P • V, the 
distance AL is T • p • V. In other words, the following equation holds true when m is an integer 
of 1 or greater. 
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[Numerical Expression 5] 

p.D = m»AL = m«T»P»V 

[0033] 

In Figure 4 (a), a case is illustrated in which p • D = 4 • AL. In this case, for example, an 
exposure point QO wWch is present in the edge portion of the exposure area 20P at the point in 
time where pulsed light emission occurs is illuminated by three pulses of pulsed laser light within 
the interior portion of the exposure area 20P, and is iUuminated by two pulses of pulsed laser light 
in the edge portions of the exposure area 20P. Furthermore, where AE is the energy with which 
an exposure point is illuminated by one pulsed light emission in the interior portion of the 
exposure area 20P, the exposure point QO is illuminated by an energy equal to 4 • AE (- AE/2 + 
3 • AE + AE/2). Furthermore, for example, an exposure point Ql on the wafer that is positioned 
to the inside of the edge portion of the exposure area 20P at the point in time where pulsed light 
emission occurs is also illuminated by an energy of 4 • AE, and an exposure point Q2 on the wafer 
that is positioned to the outside of the edge portion of the exposure area 20P at the point m time 
where pulsed light emission occurs is similarly illuminated by an energy of 4 • AE. Thus, in the 
present example, all of the exposure points scanned by the exposure area 20P on the wafer are 
illuminated by the same m pulses of pulsed laser light. Accordingly, the illuminance distnbution is 
constant at the exposure points scanned by the area in which the illuminance distribution is 
constant within the exposure area 20P. 



[0034] 

Furthermore, in the case of the exposure points that are scanned once by the areas 20aP 
and 20bP on both sides of the exposure area 20P, the energy by which the exposure points are 
illuminated is diminished even if the number of pulses by which the exposure points are 
illuminated is [the same] m pulses. However, as will be described later, the system in the present 
example is arranged so that the connecting area during stitching is scanned twice by the areas 
20aP and 20bP; accordingly, the energy by which all of the exposure points in the connecting 
area are illuminated is m • AE. Consequently, the amount of illuminating energy is the same at al 
of the exposure points on the wafer, so that irregular illuminance is eliminated. 



[0035] 

Next, one example of the stitching and slit scannmg exposure operation of the present 
[working] example will be described. First, in Figure 1, in a state in which the slit-form 
illumination area 20 on the reticle 19 is illuminated by the [above-mentioned] pulsed laser light IL, 
the reticle 19 is scanned at a constant speed V in the X direction via the driving device 26 and 
reticle stage 21. In synchronization with this, the wafer 28 is scanned at a constant speed p • V in 
the X direction via the driving device 33 and wafer stage 30. When the reticle 19 and wafer 28 
are thus scanned, the difference between the measurement value of the laser interferometer 24 and 
a value obtained by multiplying the measurement value of the laser interferometer 32 by the 
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projection magnification P when (for example) a specified ahgmnent mark on the reticle 19 and a 
spedfied aligrmient mark on the wafer 28 are aligned is stored m memory as a reference vdue, 
^d he respective operations of the driving devices 26 and 33 are controlled so that the difference 
S'wLn thfmeasurement value of the laser interferometer 24 and the [above-mentioned] value 
oSS by multiplying the measurement value of the laser interferometer 32 by the projection 
Satior^^^^^ reference value stored in memory beforehand. Accordingly, the reticle 
^9 aTw^ 28 are scamied in the direction of narrow width with respect to the illumination area 
20 and exposure area 20P in a state in which the reticle 19 and wafer 28 are always stationary 
with respect to each other in a specified relationship. 

[0036] 

As a result, as is shown in Figure 3, the slit-form illumination area 20 on the side of the 
reticle 19 relatively scans the area 35a on the right side of the pattern area 35 along the trace 37. 
Srthelre as is'shown in Figure 5 (a), the slit-form exposure area 20P on the side of the wafer 
28 relatively scans the area 40a on the left side of the exposed area 40 corresponding to the 
pattern area 35 along the trace 37P. 

[0037] 

Next at the point in time where the first slit scamiing exposure is completed the reticle 19 
is caused to move in the Y direction by the stitching shown in Figure 3, so that the illumination 
area 20 is caused to move to the upper left of the pattern area 35 along the trace 38^ 
Furthermore, as is shown in Figure 5 (a), the wafer 28 is caused to move in the -Y direction so 
that the slit-fonn exposure area 20P is caused to move to the lower right of the exposed area 40 
along the trace 38P. Afterward, the second slit scamiing exposure is performed by scamung the 
S 19 at a speed of V in the X direction, and scamiing the wafer 28 at a speed of P • V in the 
-X dkection. As a result, as is shown in Figure 3, the slit-form illumination area 20 on the side of 
the reticle 19 relatively scans the area 35b on the left side of the pattern area 35 along the trace 
39 Furthermore, as is shown in Figure 5 (a), the slit-form exposure area 20P on the side of the 
wafer 28 relatively scans the area 40b on the right side of the exposed area 40 corresponding to 
the pattern area 35 along the trace 39P. 

[0038] 

Furthermore, as is shown in Figure 3, the system is arranged so that in the first and second 
scans an overiapping exposure is performed by the left-hand area 20a in which the illuminance of 
Station area 20 drops and the right-hand area 20b in which this illuminance drops, in the 
c^rm^ZslL 35c located in the central portion (with respect to the Y direction) of the pattern 
area 35 on the reticle 19. As a result, as is shown in Figure 5 (a), an overlapping exposure is 
performed by the right-hand area 20aP in which the illuminance of the slit-form exposure area 20P 
drops and the left-hand area 20bP in which this illuminance drops, in the cormecting area 40c 
located in the central portion (with respect to the Y direction) of the exposed area 40 on the 
wafer 28 For example, in the case of the exposure point Q3 located within the comiecting area 
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40c, the illuminance during the first exposure is the illuminance SA shown in Figure 5 (b), and the 
illuminance during the second exposure is the illuminance SB. Since the illuminance distribution 
in the Y direction in areas 20aP and [20]bP drops linearly to zero in a symmetrical manner, the 
illuminance produced by the sum of the illuminance SA and illuminance SB is equal to the 
illuminance SC in the area where the illuminance of the exposure area 20P is constant. 

[0039] 

Furthermore, as has already been described, all of the exposure points scanned once by the 
exposure area 20P are illuminated by m pulses of pulsed laser light. Accordingly, the exposure 
point Q3 within the connecting area 40c is illuminated with an amount of energy equal to that of 
exposure points in the non-connecting area by two scans of the exposure area 20P, so that the 
illuminance distribution is made uniform at all exposure points on the wafer 28. Furthermore, at 
exposure points located within the connecting area 40c, the number of pulses with which the 
exposure points are illuminated by two scans is 2m, which is twice the number of pulses [received 
by] exposure points in the non-connecting area. Accordingly, the effects of the spectrum and 
variation in energy between individual pulses of the pulsed laser light are especially reduced in the 
connecting area 40c. In concrete terms, in regard to variation in the illuminance caused by 
variation in energy between individual pulses of the pulsed laser light, the variation in the 
connecting area 40c can be kept to 1/2*'^ of the variation in the non-connecting area. 

[0040] 

Next, in the present working example, when the area 40a on the wafer 28 shown in Figure 
5 (a) is subjected to slit scanning exposure, the relative positions of the reticle 19 and wafer 28 are 
monitored by the laser interferometers 24 and 32, and the amount of relative positional deviation 
of the reticle 19 and wafer 28 is stored as mechanical control errors in the memory device 25a 
shown in Figure 1. Specifically, if an image of an arbitrary exposure point on the wafer 28 is 
formed by illumination with m pulses of pulsed laser light as a result of the first scan, the amount 
of relative positional deviation in the X direction is monitored in synchronization with the 
respective pulsed light emissions. The mean positional deviation <Ax> can be calculated by 
means of the following operation, where Axj is relative positional deviation in the X direction for 
each pulse, and S expresses the sum of 1 through m for the subscripts i. 

[Numerical Expression 6] 
<Ax> = SAxj/m 

[0041] 

Similarly, the amount of relative positional deviation Ayi of the reticle 19 and wafer 28 in 
the Y direction perpendicular to the X direction constituting the direction of relative scanning, and 
the rotational error of the reticle 19 and wafer 28, are also stored in the memory device 25a. 
Accordingly, if the storage capacity for one positional deviation amount Axj is designated as AM, 
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then a capacity of AM x m is sufficient as the storage capacity of the memory device 25a; 
however if (for example) the relative positional deviation amounts in positions that are close to 
each other are averaged, the number of relative positional deviation amounts, etc., that are stored 
can be reduced The relative positional error and rotational error thus stored in the memory 
device 25a are the cause of so-called "in-shot distortion" in the connecting area 40c on the wafer 
28. 

[0042] 

Next when the area 40b in Figure 5 (a) is exposed by the second scan, the main control 
system 25 controls the respective operations of the reticle stage 21 and wafer stage 30 via the 
driving devices 26 and 33 so that these operations are caused to conform to the relative positional 
error and rotational error read out from the memory device 25a. As a resuU, the overlappmg 
precision of the pattern in the connecting area 40c on the wafer 28 is high. Ordinarily, 
furthermore if the respective positioning precision values of the reticle stage 21 and wafer stage 
30 in the X ^d Y directions are Ax and Ay, the respective overlapping errors m the connecting 
area 40c are 2"'Ax and 2'''Ay. In the method of the present [working] example, on the other 
hand since the positional relationship during the exposure of the next area 40b is corrected in 
accordance with the shot distortion occurring during the exposure of the imtial area 40a (i. e. 
since the positions of the reticle 19 and wafer 28 are controlled so that the shot distortion is the 
same), the overiapping errors are only Ax and Ay. 

[0043] 

Next the method used to expose the entire exposure surface of the wafer 28 will be 
described First, in a case where the method of Figure 5 (a) is used, successive adjacent areas 40- 
la 40- lb 40-2a 40-2b 40-4b and 40-4a are respectively exposed by slit scanmng exposure as 
shown in Figure 6 However, in the method shown in Figure 6, the direction of scanning is the 
opposite of that shown in Figure 5 (a). Furthermore, the circuit pattern of the pattern area 35 on 
the reticle 19 is respectively transferred to two scanning areas, e. g., areas 40-lb and 40-la. in 
this method the scamiing direction of the pattern area 35 of the reticle 19 within the conjugate 
image on the wafer 28 is reversed. Furthermore, this scanning method is advantageous m that the 
oattem of the pattern area 35 can be transferred onto the wafer 28 in a short time, so that [the 
transfer] tends to be unaffected by expansion, etc., of the wafer 28. On the other hand, there is a 
danger that the precision of the connecting area, which depends on the charactenstics of the 
scamiing direction, will deteriorate, so that the movement of the reticle 19 corresponding to the 
trace 38 in the Y direction of the illumination area 20 shown in Figure 3 must be performed at a 
high speed. 

[0044] 

Next as is shown in Figure 7, there is also a method in which only the right-half area 35a 
(for example) of the pattern area 35 of the reticle 19 is first continuously exposed m the 
corresponding area on the wafer 28, after which only the left-half area 35b of the pattern area 35 



20 



is continuously exposed in the corresponding area on the wafer 28. Specifically, in this method, 
the areas 40-lb 40-2b and 40-4b on the wafer 28 are first exposed as shown in Figure 7 (a); 
then, as is shoxJn in Fi^re 7 (b), the areas 40-la. 40-2a, ... and 40-4a on the wafer 28 are 
exposed parallel to the trace shown in Figure 7 (a). In this method, the scanning direction of the 
slit-form exposure area 20P is the same in two exposed areas (e. g., areas 40-lb and 40-la) on the 
wafer 28 corresponding to the pattern area 35 of the reticle 19. As a resuh, the overlapping 
precision in the connecting area 40c may be improved in some cases. 

[0045] 

Next since a refi-active optical system is used as the projection optical system 27 in the 
above working example, the illumination area on the reticle 19 is a rectangular illumination area 
20 as shown in Figure 2 (a). On the other hand, especially in cases where the wavelength of the 
exposing light is shortened, it is advantageous fi-om the standpoint of aberration, etc., to use a 
projection optical system that is constructed fi-om a reflective-refi-active optical system using 
concave mirrors, etc. Furthermore, since the aberration is smaller in areas removed fi-om the 
optical axis in the case of concave mirrors, etc., the slit-form illumination area on the reticle 19 is 
a circular arc form illumination area 41 as shown in Figure 8 (a) in cases where a reflective- 
refractive optical system is used. In this case as well, the width D of the illumination area 41 m 
the direction of relative scamiing is constant, and, if the direction of length of the illumination area 
41 that is perpendicular to the direction of relative scanning is the Y direction, then the 
illuminance distribution of the illumination area 41 in the Y direction has a trapezoidal shape as 
shown in Figure 8 (b). Specifically, in the areas 41a and 41b on both sides of the illumination area 
4 1 in the Y direction, the illuminance distribution drops linearly to zero. By setting the 
illuminance distribution in this mamier, it is possible to reduce irregularities m the illuminance of 
the connecting area during stitching, in the same mamier as in the working example shown in 
Figure 1. 

[0046] 

Next another working example of the present invention will be described with reference 
to Figure 9 'in the present working example, the present invention is applied to a system in which 
the wafer is scamied by a regular hexagonal exposure area 3 as described with reference to Figure 
1. 

Figures 9 (a) and 9 (b) show the connecting area 4 on the wafer when stitching is 
performed in the present working example. In these Figures 9 (a) and 9 (b), the illuminance 
distribution is uniform in the regular hexagonal exposure area 3; however, pulsed laser hght is 
used as the exposing light. Furthermore, if the direction of relative scamung is onented in the X 
direction and -X direction, then the two opposite sides of the exposure area 3 with a spacing of W 
are parallel to the Y direction, which is the direction of stitching. In this case as well, assuming 
that the distance that the wafer moves in the X direction or -X direction during one penod of 
pulsed light emission in slit scanning exposure is AL, the spacing W is set as follows using an 
integer m of 1 or greater. 
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[Numerical Expression 7] 
W = m • AL 

[0047] 

A case in which m = 8 is illustrated in Figures 9 (a) and 9 (b). Here, an exposure point PO 
in the non-connecting area on the wafer is always illuminated by eight pulses of energy as a result 
of one scan. 

Furthermore, in the present working example, the position of the wafer in the X direction 
at the time of pulsed light emission by the pulsed laser light source is the same when the wafer is 
scanned in the X direction with respect to the exposure area 3 and when the wafer is scanned in 
the -X direction with respect to the exposure area 3. For example, in Figure 9 (a), when the 
exposure point P9 within the connecting area 4 on the wafer is scanned in the X direction with 
respect to the exposure area 3, i.e., when the exposure point P9 scans area 3a with two equal 
sides and three angles on the right side of the exposure area 3, the position of the exposure pomt 
P9 in the X direction at the time that pulsed light emission is performed is designated as position 
8. Then, if the position of the exposure point P9 in the X direction at the time that pulsed light 
emission is performed when the exposure point P9 is scanned in the -X direction with respect to 
the exposure area 3 in the second scan, i. e., when the exposure point P9 scans the area 3b with 
two equal sides and three angles on the left side of the exposure area 3, is designated as position 
42, this means that position 42 and position 8 coincide. In the case of Figure 9 (a), there are five 
positions 8 within the area 3a, and three positions 42 within the area 3b; accordingly, the 
exposure point P9 is illuminated by a total of eight pulses of energy as a result of two slit scanmng 
exposures. 

[0048] 

Furthermore, in Figure 9 (b), the timing of the pulsed light emission is shifted by AL/2 in 
the X direction compared to the case shown in Figure 9 (a). In Figure 9 (b), the system is 
arranged so that the position 43 of the exposure point P9 in the X direction at the time that pulsed 
light emission occurs when the exposure point P9 scans the area 3b with two equal sides and three 
angles on the left side of the exposure area 3 in the second scan is equal to the position 10 of the 
exposure point P9 in the X direction at the time that pulsed light emission occurs when the 
exposure point P9 scans the area 3a with two equal sides and three angles on the right side of the 
exposure area 3. In the case of Figure 9 (b), there are four positions 10 within the area 3a, and 
four positions 43 within the area 3b. Accordingly, the exposure point P9 is illuminated by a total 
of eight pulses of energy as a result of two slit scanning exposures. Generally, in the present 
[working] example, each exposure point in the connecting area 4 is illuminated by eight pulses of 
energy as in the case of the exposure point PO in the non-connecting area, so that there is no 
irregularity in the illuminance. Furthermore, in the above working examples, a stitching operation 
using a single reticle was described; however, it would also be possible to place a plurality of 
reticles on the same reticle stage, and to arrange the system so that scanning exposure is repeated 
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with the reticles being changed at the time of stitching. 
[0049] 

Furthermore, the present invention is not limited to the working examples described 
above; it goes without saying that various constructions may be adopted within limits that involve 
no departure from the gist of the present invention. 

[0050] 

[Merits of the Invention] 

In the first projection optical apparatus of the present invention, when exposure is 
performed by means of a stitching and slit scanning exposure system using a pulsed emission type 
light source, each point in the connecting area on the photosensitive substrate is exposed by the 
same illuminance as in the non-connecting area as a result of bemg subjected to slit scanning 
exposure twice. Accordingly, there is an advantage in that irregularities in illuminance in the 
connecting area on the photosensitive substrate can be reduced. 

[0051] 

Furthermore, in a case where a memory means is provided which stores the relative 
positional error of the mask and photosensitive substrate when the mask and photosensitive 
substrate are relatively scanned in synchronization in a specified direction of the illumination area 
illuminated by the exposing light, the overlapping error in the connecting area can be reduced by 
storing the relative positional error occurring in the first scan in the connecting area in memory, 
and by performing positional control during the second scan in the connecting area so that [the 
positions] conform to this relative error. 

Furthermore, as a resuh of the width LT of the transfer pattern formed on the mask in the 
second direction of the illumination area illuminated by the exposing light being set at {n • L + (n 
- 1) • M}, where L is the length of the area in which the illuminance distribution is constant in the 
second direction of the illumination area with a trapezoidal illuminance distribution illuminated by 
the exposing light on the mask, and M indicates the lengths of the areas in which the illuminance 
gradually drops on both sides of the area with a trapezoidal illuminance distribution, the transfer 
pattern on the mask is always illuminated by a constant illuminance. 

[0052] 

Furthermore, in cases where a mask moving means is provided which causes relative 
movement of the mask in the second direction of the illumination area illuminated by the exposing 
light, stitching can be performed on the mask side as well. 

Next, in the second projection optical apparatus [Translator's note: original actually 
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reads "illumination optical apparatus", hut this appears to be an error.] of the present invention, 
the positions of pulsed light emission during the first scan and the positions of pulsed light 
emission during the second scan are equal in the connecting area; accordingly, the illuminance at 
each exposure point in the connecting area is equal to the illuminance at respective exposure 
points in the non-connecting area, so that irregular illuminance is reduced. 

[Brief Description of the Drawings] 

[Figure 1] Figure 1 is a structural diagram which illustrates one working example of the 
projection optical apparatus of the present invention. 

[Figure 2] Figure 2 (a) is a plan view which illustrates the slit-form illumination area on 
the reticle 19 in Figure 1. Figure 2 (b) is a distribution graph which shows the illuminance 
distribution in this illumination area. 

[Figure 3] Figure 3 is a plan view which illustrates the pattern on the reticle in the above- 
mentioned working example. 

[Figure 4] Figure 4 (a) is a plan view which illustrates the slit-form exposure area on the 
wafer in the above-mentioned working example. Figure 4 (b) is a distribution graph which shows 
the illuminance distribution in this exposure area. 

[Figure 5] Figure 5 (a) is a plan view which illustrates the exposed area on the wafer. 
Figure 5 (b) is a distribution graph which shows the illuminance distribution in this exposed area. 

[Figure 6] Figure 6 is a plan view which illustrates one example of the trace of the slit 
scanning exposure on the wafer in the above-mentioned working example. 

[Figure 7] Figure 7 is a plan view which illustrates another example of the trace of the slit 
scanning exposure on the wafer in the above-mentioned working example. 

[Figure 8] Figure 8 (a) is a plan view which illustrates a modification of the illumination 
area on the reticle. Figure 8 (b) is a distribution graph which shows the illuminance distribution in 
this modification of the illumination area. 

[Figure 9] Figure 9 (a) is an enlarged plan view which illustrates one example of the 
positional relationship of pulsed light emission in another working example of the present 
invention Figure 9 (b) is an enlarged plan view which illustrates another example of the 
positional relationship of pulsed light emission in this other working example of the present 
invention. 

[Figure 10] Figure 10 (a) is a plan view which shows the conditions of relative scanning 
of the illumination area on the reticle when stitching and slit scanning exposure is performed usmg 
a conventional projection exposure apparatus equipped with a continuous emission type light 
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source. Figure 10 (b) is a plan view corresponding to Figure 10 (a) which shows the conditions 
of relative scanning of the exposure area on the wafer. 

[Figure 1 1] Figure 1 1 is a line drawing which is used to illustrate the irregular illuminance 
seen on the photosensitive substrate when a pulsed emission type light source is used in a case 
where stitching and slit scanning exposure is performed in a regular hexagonal exposure area. 



[Explanation of Symbols] 

12 Pulsed laser light source 

1 3 Illumination-optimizing optical system 

1 5 Visual field diaphragm 

16 Relay lens 

18 Condenser lens 

19 Reticle 

20 Rectangular slit-form illumination area on reticle 
20P Rectangular slit-form exposure area on wafer 

21 Reticle stage 
23 Guide 

24, 32 Laser interferometers 

25 Main control system 
26, 33 Driving devices 

28 Wafer 

30 Wafer stage 

34 Laser light source control device 

25 Pattern area 

40 Exposed area 



[Key to Figure 1:12 Pulsed laser light source, 25 Main control system, 25a Memory device, 34 
Laser light source control device.] 

[Translators ' note: the remaining figures do not require keys,] 
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[Document Title] Abstract 
[Abstract] 

[Object] [The object of the present invention is] to reduce illuminance irregularity in the 
comiecting area exposed by being scanned twice [by stitching] on the photosensitive substrate m 
cases where the Ught source is a pulsed emission type light source [m a projection optical 
apparatus] in which exposure is performed using a stitching and slit scanmng exposure system. 

[Constitution] The exposure area on the wafer is formed as a rectangular slit-form exposure area 
20P and the wafer is exposed by being scamied in the X direction or -X direction with respect to 
the exposure area 20P The illuminance distribution S in the Y direction of the exposure area 20P 
has a trapezoidal shape, and the system is arranged so that in the connecting area on the wafer 
exposure is performed by means of an area 20aP in which the iUuminance gradually drops on the 
right side of the exposure area 20P and an area 20bP in which the illuminance gradually drops on 
the left side [of the exposure area 20P]. 

[Selected Figures] Figure 4 [?] \poor legibility - Translator] 
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